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Abstract 



PROBLEM TO BE SOLVED: To relax the lattice mismatch of a GaP crystal layer to a lll-V compound 
semiconductor constitution layer and stick both layers to each other with a uniform junction strength, by 
sticking to the n-type or p-type lll-V compound semiconductor constitution layer, via a metal oxide layer 
the GaP crystal layer having the same conductivity type as the lll-V compound semiconductor 
constitution layer. 

SOLUTION: On a substrate 101 made of an n-type or p-type conductive GaAs single crystal, etc., there 
are epitaxially grown by utilizing the means of MOCVD, etc., lll-V compound semiconductor constitution 
layers 102-105 required to constitute an LED 10 which comprises a buffer layer 102, an AIGalnP lower 
clad layer 103, an AIGalnP light emitting layer 104, and an AIGalnP upper clad layer 105, etc., and 
thereby, a laminated structure 100A is constituted. Then, on the upper clad layer 105, a metal oxide 
layer 106 is deposited to stick thereonto a conductive GaP crystalline 107. As a result, as relaxing the 
mismatehing quality of the crystalline 107 to the layer 105, without generating any crack, etc., the GaP 
crystalline 107 can be bonded to the layer 105 to obtain an AIGalnP LED having a high luminance. 
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s«(ciHa$*-i»c:i:tc*>s. jamjar, mm (=D 

4 ) I I I - Vj^^ft¥WM||jfi* 113(1 

J±. £ OifJS tfijzX'hZ ( = D 2 ) <7>G a PttAft 1 0 
9 ( = D3) fc(±. J:DJf«- 
( =D 1 ) Hfi^ThtG a PttAft; 1 0 7 . 
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ti(I9 &&ofcM^ffl^A J >8lt&it4. 
[0020] SB6«0iat»SST«. flARtf . 03tc^$ 



ft4&JSgtft$!jJf 106. 108HlGaIn P|£3te 
Jl*^ait$ill.^tCOV^T. 5 0%ULLcOjgj&P£ 
#t*»!HBMIi1Wim*»^«lS-t4. «3OT1 0 4*^ 
foftZiX&imZliS&htSmM^&ZtKK . GaP 
ISAMc 1 0 7. 1 09 a><^gB^*WK%ft£ajlt£ 
•£4fctf>T-&4. 

[oo2i]ifc. ±mm-\mm 106. 1 o sit. m 

b. #4U\ GaP$S B B B#l 0 7. 10 9^U% 
*1104 < S?IMttKft*<8£e3 ixhti&fr 

hX'foh. Jg*£-l£4GaPS£H B Btia 07. 1 09<0fg 

0 8««m, ^ft£?$#£-ti:4 I I I -vm& 
,®)*mft%i&m (Witf. 13^103. 1 053rfc*) 

t3SW>*ll<. nj&CO I I I-V&-fc^j¥3?#flij£Jf± 
fct±, fill I i&=gL<{iSiU vt8kitziimvimco& 

iuhhmi zklx . njgcoG a Pteftflsfcfiwt^-* . 
Gapst/i 1 1 -vmt&fa*mmz*>-,x . m i 

1 i^TcSti^MfT-W (iso-e lectronic) 
TOBHrC* 4 . * fc . SS I vm&t/SSV I &7n*fiMix 
t K^*— (donor ) T-ffifaX foh , Z\<Vtfrk7iM1i t 

GaP^Mv^i 1 1 -vm^^mmsihm^ 

bWM. ft A ttz b £ *THJi<oeW»3&«P »KS«S 

IBBJBbWE-rto < <?)Mitmm(0ffifSL b t*l« . GaPS 
B B H ^h I I I -V^b-g*^#«JScBi:^«^®S 
flJOfHttrCpnft^^jft^S^SrRftih-C**. IP 

[0022] iS^. p»III -VBefl^fciNMH* 

»8conj(^«£7)*n<. mi im&mmt 

VnmZftlX. P«OGaP*SJfc«£iBWtt4. GaP 
ifi«^)iH«fc:^t4p ntg^co^5r[Hljg-r4^{c. 

i i i - vM^WiW^v^r^^r^-t^ 1 ) 

f#47cfii£Jftfi5acifl<h LT*trKflSI!jS:ffl^4. 
[ 0 0 2 3 ] m 1 I I SIO4cB(7C***tJBMb*<!0«K 
(i. iS-ffc^'J^A (GajOj) ^IMb-f y^VJ* ( I n 

2 o 3 ) 4 . mz, mt-i >^ummx'h <o . 4 

Tii. mi I IttftllMftllMKr. I n 2 0 3 Sr±^t- 
■T4»fk«l3&»*>««-r4. ^Sti9 0%iJl±* J »4L 
<. $4»fC»4L<Ji9 5%IiLhi:-r4. mW>W 

Mz&tti&mtmzii, mm. mw • m 

( I TO) ^ggft-f • £Ei'a v ^ri:'*%4. 

[002414*:. 810 OSIifcJBJR-CM: . n JgcOG a 
PISftfri: n«III -va^t^«Mtmi*flllS«i:S:« 
^$*4?t*fc:. ( S nO z ) b 



(6)^2 001-68731 (P2001-687 JL 



Ttmti-z-Mitim ( s i o 2 > ^tizit^im . a 

[ 0 0 2 5 ] * 1 1 ^HSg^®T'(±, p^G a P 

mz, moemtt <zno> sriBE^t-r 

SIWfctt**i I M&llrcSallHHte LTfWfS. 

9 0 %U±t>W& L < . £ fcfcff* L < Ji 9 5 
%J2LL Witf. tfU^ (Ga) , T/P5-'7 

A ( A 1 ) RtM (In) tfjRJIlSftjfcZ nO 

swtts^&aatettWR^jBjat-c**. sew (its 

fit) tt. HWWr^lHal 1 ) »ai^S=5rtlc 

[ o o 2 6 ] .a*9~ss 1 1 nmmmizu-t&imim 

JIfi. HRW^raffflaU/'t-y i"Jy/(sputter 
ing)S, 9* — — v 3>"(laser-a 

biationis, mvMV&m&ms. (C VD ) 

S«<?D*atcJ: 0 , nJK«V^ip»I I I-VJJHfr&ft 

^#*«BgJiJitc«*T*^ & . x^y ? y y^mx-m*. 
&\ i tosm^a i H-riwiaEiiraiifctMM-fctc 
RgLTtt. fcfctttt (III -vflHteflHFWMMUl) 

OiME*«2 0 0*C*»fc*&4 0 O'Cfc LTj£Bt^& tM 

%mz<mhmmmmhti%\\ &tz. ito^-z 
no^ww&^^-spttfSBa* 1 1 1 -vte^swm 
m$f&m±.izmft Lxm$mm*&tiL-t& zttx-z 
s. ±mmoma. GaPgMt 1 1 1 -vmits 

ztixK). ntKvtftmijmizmbe,-?. ±mwtft 
DimnMmmmmt. 1 1 1 -vmtorvi^mfoffi®. 

4> LT , ^SK-ft^il^jS^BJl^EHti. 2 n 
±.X-%}lum&.Tk*&. 

[00 27) ±Mz<o$fm%mm<7>&jm<mmizG a p 

& B B B ffc£t£«£-t!:&?)a£tU GaP«,ftfr£ttBLfc 
flL P<lteAftt:ffi££illD;t. Mfe-tStGaPteli,** 

Ati*ffljg(£, I i I -vtSHtis 

wmms^nmtfeg&ffivmzt-tzcotimt l 

<.^L<fi^2 0 0-Ctl±T'^6 0 

^B s B»^III*^-fl:«iffiMT-{i^< , i i i -vmik-S 

m*mfomimmm±<,z&mMim<Dmttt£^tsmm 
m&mifiLx%hm#0>WLm£itLXGai p&ihftzm 
mzit&zz&tzmux. z-tzzt 
*k. nm&&^2*&zttfx'£&m&tfbh. 



TftU8Loo. £&ffifto&»(±J|l&A*& LTHHtTS 
frt>"Ct>i. iKtt&ffllS:. «ffi2*:<iK2#fflS\l*JT1g 
^AHc#fiLTMf^g£^#©l::«cittfs f&^FS 

D*J-*:**K£ t o T G a PtftAffaP&tt-Cft & . BK 
fflfcflWfcUi. 1 O" 5 (#12 : To r r ) SffiO 

S*^is&-rL<>#K-CfcWr<, 0. 1 F-;MtJ£<y) 

[0028] 

immmi jar. mmmzmtzmmzmmt 

& . 04 (i*H)lfe0lJ(Cf^|> AlGalnPLEDJl 

m-uzhtz r>nvmmt LTWBL^xtr?* 
mmmim 2 0 a co»iffi«i:Ee®T-& a . t ^ . 0 5 « , 

04(=3H-e*«fi«:tBf»mk LTfltecSfufcA 1 G 
a I n P L E D 2 O^BrB^^^f^llT'fc-S. . 
[0029] LED20 Omt &fc£>fc *) s Sfc-T. it 
M5 0mm«ZnH-7p)l? (001) -GaAsfg 
b h bR^S« 4 0 1 ±£ , «EO M V P E ffifc ± 9 jg&R 
iLit, ZnH-7piGaAsgH4 0 2, ZnH 
-rpJB (A 1 o. 7 G a 0 , 3 ) o. 5 I n 0 . 5 P^4>fiS;I.TSP 
?7y H«4 0 3. TVY-TCOnffi (A 1 0 . 2 G 
a 0. 8 ) 0. 5 I n 0 . 5 P?ga a B*^fi£?.^S4 0 4 . St/ 
n)^ (Al,.,Ga 0 . 3 ) 0 . s I n 0 . s P 9 

■y HS4 o 5<oa»&»jssiiixe*:*^.wu«raBa 

fls2 0A*flHWi}«t LtMLfc. «JS*2 0AO* 
H14 0 2M0 5I1 HJ^f-zPTA- 
( (CH 3 ) 3 A 1 ) . hVX+WJVA ( (CH 3 ) 3 
Ga) MhWfWy^A ( (CH 3 ) 3 I n ) 5r 

1 1 immmm^mmtL. *xy<> <ph 3 ) & 

U yjHfc LT 7 3 O'CT'fiSiMt^.- H-b°y^j® 
(Ctt, yxf-^SIS ( (C 2 H 5 ) ,Zn) tHffltfc. 
«MfJi4 0 2<04f^Ur«KJl*«;2X 1 0'«cm-3t 
U SWJiWO. 5iiimtLt.TW?57H|40 3 
^^'JT«W6tt*&3xiO>«cm-3i;L, «W«^5 
umtLtz. 3 0XZX'^mLtz^mcr>A0 

AP)^*? U 7SSti^5x 1 0 16 cm- 3 iL, JfJlti:^ 
1 20nmt LJt. &tz. i/^yy ( S i 2 H 6 ) Sr H — 
e^igfc U/CS i K-rn^±gP^9-y Fil4 0 50 
Jf^'jrMli^lx l 0'«cm-3i:L. mmi±%)3u 

[0030] «Ji«ii«s 2 0 A^j££jji£7 L^f^. ^ 
SILT. MOCVDj£ft:)F£9«*ffjift2 OASrKO 
tl!L7t. n»±»^ 7 y K®4 0 5«. aS^^^S 

vmmmiffiPMz , msso snopo^f r^^sr 
WJWt it* 2 o a zmtify iooo m^fj-^T' 

ffl«tt*K±fcE&£*S>5 0mini:-$-*S i F-7*c0n 
»G a Pm^B a Bf*4 0 7 *r . 2 0 Ah 4"l>£ 

Bg-gC$ -t+T L/C . n »G a P#$S a B a «s 4 0 7^ 
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mnmummfa ioitmt< (ooi)t$.o.i 

Zimi 20umt Ltz. £tz, GaP^ftlOl 
O^fA-'JTMIiftl X 1 0»cm-«t*-)fc. nJgG 
aP*S B B 9 *4 0 7»Jil:, sgtC. iSg?r*<j6 0mmi: 
M$£ift2 0 O^A ( g ) b^h S i H-7°n^ 
GaP^ >l y b<0'hfrZmW.Ltl. 
[003 1 ]<?:tC, GaP-f yzfb'WZmW.Ltz&t 

X&0. lb-Mz®KL*z. i^SSffi^:^^^ 
£> , =g?SJ: 0 8 0 °Cl^ 5«C/atf>*KT*a Lfz . 8 
0°CCf'J>if£. 3 04MBfca")iaiiaKfc:«ftLJt. «t* 
T " 1 2 0 °C lZ 2 *C/#tf>»K-?#ffl L fc . #?&f£ . 1 
2 0*Cfc3 0flffil«J*Ufc. Hfc. 2 5 0°CC 

tt*2o x:<oa«-ciHa l, is)iaKt= 3 o #m®.& l 
fc. 8o*ciz$)io'c/#<?)m&T'n&Ltz. 

^gl?-ft!fe®4 0 6 SrJgBg^-S*^ nJgGa PSg^ 
4 0 7 2: nW±M? 5-/KI405 Wg^S-ttt; . 
[0032iat:, nJE2G a P|gfttt4 0 7 

xrw-hfcffl*3H*Tfc**tf>tt»C. f6ft«4 0 4£ 
WsCifJXTl'— V kttftS~hmz&h pBG a A s 
S«4 0 1 £\ T>-t-T7K • 3H*fc*X ( H 2 0 2 ) • 
tf* (H 2 0) *&**S^*8S+fc:«U x-y^y 
^LTM^Lfc. flf-tfT. piGaAsiE40 
l±fcfc«LT*ofcp#GaAs«Wi4 0 2£il& 

[0033]»t. ^7^ri/-M^Mflfii*2 0A 
£ffi*SrUt££-C\ PiGaAslS40iayp»G 
aAsiS§4 0 2£Rfc£LTSSUt. pJETFSB?5 
•y KJf 4 0 3^®£O^MH7UIgc7)Z n Ofg-ffiM&Wtfi 

Ltz. mmwui. nmmmw2 o a£»$n&i o o o 

f*2 0A(7D«f'Dfc:-£a£-tirT. ZnH-7piGaPf 
*S B E B tt4 0 9£®HU- v ;„ pf GaPg B B B »4 0 9« 
(00 1 ) i:L> JfSUaBl 20txmbLtz. 
mz. P^GaP^ B H B f*:4 0 9cO±lC, 11^2 0 0 

g 1 1-&m& Y-7CDG a P >rf y h 'bfrzms L 
fc. 4 yJ yb'hfrim'&*m6 0mmtL. 

1 7mm<7)Hfet Ltz. 

[0034]»:(:. GaP-f >dfY>h*ZWm.Ltz&& 

<r>msx\ mmmmfo2 0A*mmzik\ l \x-{mtcn 
mw&wniznifwxLtz. mint. n&MMPto&w 

fULX&O. lb-MZfflZtLtz. itfDUffiJKSrft^ 
0* (6 . Sffli 0 8 0*C(Cif->5 iC/#oa«TffI t Ac . 

ftT. 1 2 0'Cte2'C/#«9jtJgT#&L*:. #?Sf£, 



12 0K:fc:3 0iHSI«»Ufc. 2 0 0'C 

tftji-i o-cc7)3ijKT'#i§L, i5iiae{c4 o^bsjsl 

iz. ftttSL 80Xllz®lO°C/-ft<m%.X'W&Ltz. 

so'ct-hmsazii&tmisLtz. vxtcomm. 
mzx o»^a»ft<o««aw*Bi-(fcs-arT, bhisb&£ 

±j£#k^l>&BIHMM4 0 8 ^ffM-T^fttc. p» 
G a Pt&Aft4 0 9 £ pJTFffl? V y K04 0 3 
Zittz. i$fflLXnmum i £' f )ffl9mmfc2 0A$:TR 

3t±fe^V y^X$rW«^pjT^»L. «Jfff£tt2 0 
A£ffl!J*;jr5*rw-ha»&.*Lfc. »3t®4 0 4tC« 
LT±T*(&ItGaP^«s4 0 7. 4 0 9<7>f£*£& 

t l fc^jST . mmmmfc 2 0 a Kr««a . kb^shs 

nBG a P&A#4 0 7cO*ffi±Wi:» &*DC07 * 

n u y^7 <-tm&mmLtz'*?~--yy^&&ft 

LX. m.&*mi 1 0>umi-t£P3^ 1 7)niM--$-y? 
mS§4 1 0 5rlS(tAr. ni^-5 7 ?li4 10tt. n 
»G a P*§,r B tt4 0 7 tCtg-T^,TilgP4 10a^(A 
u ) -?)\,-?—*)J* (Ge ) t L, ±«g|54 lOb^A 

dlr^-ft) Jaati. 4 2 0°C"C1 O^raffofc. 

pfGaPg B H B fl£4 1 1<0W^MC«. Au-Z 
n^^»t§*TP^-S -y^«®4 1 1 t>5rL 
p»c7)^--S yiyttSr^-fS^OTn-f ti4 2 
0-CT'5^iai:L7t. 

[0035] mz. iamictfi4 10. 411 

$^Ac««|iitf*2 0 A^-«W^^>f yy/(dic 
i ng)fgMX^ 7 ^/¥MffflU, JSffi^- 
ia*W3 0 0jumk-r4ffl8"B)HF (f-77) C^fJL 
T. A 1 Ga I nPLED 1 O^^fiSitA: (H4&tf0 

5#M) . M*fig4 io, 411 raaiJrr6jtc2 0 5 'J 
7W (niA) coW.%Lt:mfi5.LtzbZ?>. WM4 1 0 

tz. ft%mz£ *)MfeZtLtz¥&tm&ffl6 2 0nmf 
h->tz* £fz, WdtX^9 Y)V<n*W& ( FWHM ) (i 

f - -y r*WBT<OS6*3i*J4*S> 76S'J*yf7(rac 
d) (CSGtUfc. 

[0036] ifc. f63te4 0 4<OMffl!l^V^T, EH 
■rSGaP*S B a B {itc4 0 7. 409«if^l20//m 
4:«H— kT. ^3tS404<7)MWT-O«^iIi:GaP 
ttftfrk co-^ft^«JI SrB&|S|-i: Lfzfz&lz ,75mA 
*)littri»l«8SS: 5 OB*BBiaUJtat»^T l»%3t5SS 

mmzmtL&A l Ga I nPLED20t^->/;„ 
[00 37] jl^OEB I CSC^O.O^-? 

J ( (1*) iB5tSiS. 1991*12^15 
B»1T, WRSBiei) . 8 4~8 7H#BS) . GaPtt 
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B B B ft4 0 7. 409 b±, T?7v KJf 4 0 3. 405 

K^Zbtf^Ziliz. Z\iXt,ZimLX. JR&itfltE (@ 
2 0mA) im2. 2#>\sb (V) TfcO. ^^^7 
*t>2. 2V±0. 1 Vi:/jNT-$>-5^:. 
[00 38] 

&mk<m®ZitlEZ-£XWLl1&ZbbLt:<?>x\ II 

»Loo. ft^T. mg£?£?&££-tf:.&£,>:3:<, Ga 
P&&ft#&*T'#. iSSJgcOA l Ga I nPILED 

[0039] ^m^mns. 1 1 1 - vmt-&%*m 
mzntx vi—f&ftZffifcTtmt tx^tsmmmz 

^?«n»GaPg a a B *JnfI I I -VfSHtitffr 

*m&msmizi%mz-£& ztt Ltz^x\ nmm^m 

b nBG a P&&facD{mBlZ^t£m-fZ t%< . 4 

fflSSftfcA l Gal nP^LED#tg{fcT"£.g>. 
[004 0] jfcfc. ^^WCtt. I I I-VflHfc^Wli 

mmznLXT7*T9-&tft*nffimb Lx&tm 

ftWi*tMES*'rp»GaP|SA*tp»I I I-V 

mmmb pbg a pisA»<oe«w(csMt**-f £ h 
m loo. pj^g a p*sji«c*aarc& &<7>-t\ res-fa 

«E* { <SSS$^A 1 Ga I n P^LED*«T'I 
6. 

[0041] #&BJHC«5tftf£ s «at-t4 n^&i/p^G 
a P|£ H a H fls<7)«JI5rB&|S|— h-T&C: 1 1 LJt<DT\ A 1 

Ga i np^wtmt.zim^ixhm^&^mittm 
ti. mftmmmzmtiz> a iGain p^led*^ 

[0ffi<ofg#3rffc0Ji] 

[si i Gap&&te£mmmt$>m$£mji-t2>t2!t> 

[02 ] GaP^ B B B fr&tg«$-tJ:^#|lI^l^-f- 4fctf> 
[03] GaP^f B ^g«$^aatijtfr<7)»TM« 



[ 04 ] HSfctfQ 1 (CE«*> LE DtfO. ©ffcttf-fofiWc* 

[05] mmm 1 tciea^ led ommmm. z^-tmix 

0T-£>l>. 

10 AlGalnP LED 

20 AlGalnP LED 

2 oa mmmmfc 
iooa mmmm# 
ioob mmmmft 

1 0 1 #& B B H »£ 

i o 2 mm 

103 T&7 7-yVm 
104 

1 0 5 ±gB? 7 -y HJI 

i o 6 ikmrnmrn 

107 GaPg B B B ft; 
1 0 8 

109 GaPtSAtt 

110 nJB*-5>y?1WS 

111 pB*-$v?nm 

40 1 PiGaAs*iMI 

402 pfGaAsIil 

403 pBA 1 Ga I nP^T^y-y HJI 
4 04 AlGalnPiMl 

4 05 nJ^A 1 Ga I nP^±g|5^7 y FJ1 

4 0 6 BflgHHUI 

4 07 n^GaPSg B B B (*: .. 

4 0 8 IfrfHEffiBHttf 

4 09 P»GaPM B a 8 «! 

4 10 AuGe/Au nj&*— S.-v7WM 

411 AuZn pJB^-S 

D 1 G a P&.&fl^/BJf 

D 2 G a P|£ B B B fls<7>Jf JI 

d 3 iii -vmit^imimimnmm 

D4 ii i - vmitim*mwm&m<?)mm- 

T 1 GaPkHI - V|^S«rtH*tt«jaUii:tf> 

t 2 GaPt 1 1 1 -vmi&wm&njmb<r> 
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[01 ] 



C02] 



1 0 3 



0 0 A 



10 3 



10 2 



10 5 



10 8 



[03] 



1 0 7 



D 3 



[H4] 



4 Q 5 



4 0 3 



±Q_L 
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[05] 



4 1 0 



4 i O D 

4 3 0 1 



4 0 7 



4 0 5 



4 0 3 



